Cretaceous and Paleogene Sedimentary Units of the Northern Fish Lake Plateau, Central Utah by Carbaugh, Joyce E.
W&M ScholarWorks 
Undergraduate Honors Theses Theses, Dissertations, & Master Projects 
5-2009 
Cretaceous and Paleogene Sedimentary Units of the Northern 
Fish Lake Plateau, Central Utah 
Joyce E. Carbaugh 
College of William and Mary 
Follow this and additional works at: https://scholarworks.wm.edu/honorstheses 
Recommended Citation 
Carbaugh, Joyce E., "Cretaceous and Paleogene Sedimentary Units of the Northern Fish Lake Plateau, 
Central Utah" (2009). Undergraduate Honors Theses. Paper 309. 
https://scholarworks.wm.edu/honorstheses/309 
This Honors Thesis is brought to you for free and open access by the Theses, Dissertations, & Master Projects at 
W&M ScholarWorks. It has been accepted for inclusion in Undergraduate Honors Theses by an authorized 
administrator of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu. 
   1
   2
Table of Contents 
Abstract 4 
Introduction 5 
Geologic Setting................................................................................................................................................ 5 
Problems and purpose...................................................................................................................................... 8 
Geologic History 10 
Background Research 13 
Lacustrine Carbonates ................................................................................................................................... 13 
Published Unit Descriptions .......................................................................................................................... 16 
Price River Formation ............................................................................................................................... 16 
North Horn Formation............................................................................................................................... 18 
Flagstaff Formation ................................................................................................................................... 19 
Ferron Mountain Member .................................................................................................................... 19 
Cove Mountain Member ...................................................................................................................... 20 
Musinia Peak Member.......................................................................................................................... 20 
Colton Formation....................................................................................................................................... 21 
Green River Formation.............................................................................................................................. 22 
Crazy Hollow Formation........................................................................................................................... 23 
Bald Knoll Formation/ ‘formation of Aurora’ ......................................................................................... 24 
Paleoclimate.................................................................................................................................................... 24 
Sediment provenance...................................................................................................................................... 26 
Methods 27 
Results 28 
Lithologic Descriptions .................................................................................................................................. 30 
Price River Formation (Kpr) ..................................................................................................................... 30 
North Horn Formation (TKnh) ................................................................................................................. 32 
Flagstaff Formation (Tfs) .......................................................................................................................... 38 
Colton Formation (Tc)............................................................................................................................... 48 
Cherty Conglomerate (Tcc)-Tch............................................................................................................... 50 
Larger-scale observations.............................................................................................................................. 52 
Discussion 52 
Future Work 56 
Conclusions 57 
Acknowledgements 58 
References Cited 59 
Appendices 62 
   3
Figures List: 
 
1. Physiographic provinces of Utah: an orientation 
2. Shaded relief map of field area: topographic features of the Mt. Terrill and 
Hilgard Mtn quadrangles, and pertinent stations 
3. General stratigraphy of the Fish Lake Plateau 
4. Location and extent of the Sevier fold-thrust belt and Cretaceous shoreline 
5. Models of lacustrine environments 
6. Formation extent and type locality 
7. Geologic map of the Mt. Terrill and Hilgard Mtn quadrangles, differentiating 
volcanic from sedimentary bedrock exposures and surficial deposits 
8. Cross-beds in the Price River Formation 
9. Pebble conglomerate in the Price River Formation 
10.  Photograph of Red Creek Hole 
11.  Red Creek Hole stratigraphic column 
12.  Photograph of mudstone in the North Horn Formation 
13.  Thin section of siltstone from the North Horn Formation 
14.  Geologic map of Red Creek Hole 
15.  Photograph of North Horn Formation: pebble conglomerate quarry 
16.  Photograph of the Flagstaff Formation north of Niotche Creek 
17.  Thin section of imbricated ostracods in the Flagstaff Formation 
18.  Thin section of pelsparite in the Flagstaff Formation 
19.  Photograph of local topographic high north of UM Pass 
20.  Geologic Map of northern UM Pass 
21.  Photograph of Flagstaff Formation at Niotche Creek: McGookey section 
22.  Geologic map of Lost Creek drainage 
23.  Photograph of Lost Creek drainage 
24.  Photograph of a stromatolite in the Flagstaff Formation 
25.  Thin section of  cherty sandstone from the Colton Formation 
26.  Thin section of ash from Daniel’s Pass 
27.  Ripple marks in the Colton Formation 
28.  Cross-section D 
29.  Proposed depositional environments of the six units contributing sediment to the   
Fish Lake Plateau 
 
 
   4
Abstract 
A heterogeneous, 700-1000 m thick sedimentary sequence is exposed beneath 
Oligocene-Miocene volcanic rock that cap the Fish Lake Plateau in south-central Utah. 
These units range in age from late Cretaceous to Eocene and include the Price River, 
North Horn, Flagstaff, and Colton formations. This study describes the distribution and 
environmental significance of these strata. 
The Cretaceous Price River Formation (180-300 m) is a fine-to-coarse, buff 
sandstone with minor sandy shale and organic-rich shale. It varies from thinly bedded to 
massive, with local high-angle cross-bedding. The late Cretaceous-Paleocene North Horn 
Formation (215-300 m) consists of variegated shale and mudstone, gray to brown 
sandstones, local chert pebble conglomerate, and yellow-gray thinly bedded micrite. The 
Paleocene-Eocene Flagstaff Formation (245-365 m) consists of light-gray and yellow 
carbonate that ranges from crystalline to argillaceous in thin to thick beds, but is locally a 
massive cliff-former. It is interbedded with gray-green shale and red calcareous siltstone, 
and has local algal nodules and oncolites. The Eocene Colton Formation (60 m) consists 
of deep-red to variegated shale and yellow-buff sandstone with minor carbonate 
mudstone and bentonite. A massive to cross-bedded chert pebble conglomerate with 
interbedded minor lithic sandstone sits above the Colton in some locations, and may be 
correlative to the Eocene Crazy Hollow Formation that crops out to the north of the Fish 
Lake Plateau. 
These units represent a transition from high energy fluvial to lacustrine 
environments. The Price River Formation was deposited in a fluvial/marine environment, 
and the North Horn a fluvial/lacustrine environment. The Flagstaff and Colton formations 
both are interpreted as lacustrine deposits, that vary between freshwater and highly saline 
carbonate lakes. The lacustrine nature of this sequence is confirmed by the presence of 
fossil ostracods and mollusks, pollen from the Taxodiaceae, oncolites, and siliciclastic 
and carbonate composition. Variation in these units reflects regional tectonic uplift and 
climate change during the Paleogene. 
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Introduction 
 Steeply-dipping faults and epochs of erosion expose a diverse array of rocks on 
south-central Utah’s Fish Lake Plateau. However, little is known about the sedimentary 
stratigraphy in the northern portion of that plateau. Sedimentary rocks crop out below 
Oligocene-Miocene volcanics, ranging in rock type from deltaic sandstones to fluvial 
conglomerates and lacustrine carbonates (Dutton, 1880; Hardy and Muessig, 1952; 
Williams and Hackman, 1971; Doelling, 2004). The heterogeneous sedimentary units are 
often weathered or obscured by surficial deposits, complicating their identification. This 
study connects each exposed unit with a formation name from the published literature, 
based on its composition and relationship to surrounding units. The study additionally 
intends to reconstruct the climatic, topographic and landscape history of the region by 
describing and interpreting the orientation, variation and areal distribution across the 
northern Fish Lake Plateau. 
Geologic Setting 
 The Fish Lake Plateau is situated within the High Plateaus physiographic region 
of Utah. The High Plateaus are a distinct northeast-southwest trending region in central 
Utah, flanked on the west by the Basin & Range province, and on the east by the 
Colorado Plateau (Fig. 1). The Fish Lake Plateau encompasses about 1500 km
2
, and 
occurs between the elevations of ~2500 m and ~3500 m. Studied here is the northern Fish 
Lake Plateau, within the Mt. Terrill and Hilgard Mtn. 7.5’ quadrangles (Fig. 2). These 
quadrangles are located in the southeastern part of Sevier County, Utah. 
 The High Plateaus region of Utah has experienced modest crustal extension, 
representing a transition from the hyperextension in the Basin & Range to the relatively  
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Figure 1.  Physiographic provinces of Utah. Note the location of the Fish Lake Plateau in 
the High Plateaus Province, a transitional region between the Basin & Range to the west 
and the Colorado Plateau to the east. Modified from McGookey (1960). The star (*) 
locates Salt Lake City (SLC), and the black rectangle is the study area for this paper. 
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Figure 2.  Shaded relief map of the study area. Major topographic features listed, 
with referenced field stations for the Mt. Terrill and Hilgard Mtn 7.5’ quadrangles. 
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undeformed Colorado Plateau (Wannamaker, 2001). Networks of extensional faults form 
grabens and half-grabens across the Fish Lake Plateau, complicating the geometric 
relationships of the stratigraphic units. 
 The general stratigraphy of the northern Fish Lake Plateau encompasses five 
formations that extend to the north (Fig. 3). At the base of the northern Fish Lake Plateau 
is the Cretaceous Price River Formation. Above it, the North Horn Formation spans the 
K-T boundary, followed by the Paleocene-Eocene Flagstaff and Colton Formations. A 
chert pebble conglomerate sits above the Colton at some locations, and may be 
correlative to the Eocene Crazy Hollow Formation that crops out to the north. Oligocene-
Miocene volcanic layers rest above these sedimentary units in an unconformable contact. 
The time gap represented by this unconformity is occupied elsewhere on the High 
Plateaus by the Eocene Green River, Crazy Hollow, and Bald Knoll formations (Williams 
and Hackman, 1971). The volcanic rocks here are divided into units according to 
mineralogy: Johnson Valley Reservoir trachyandesite, Lake Creek trachyte, and Osiris 
trachyte (Ball and Bailey, 2007).  
Problems and purpose 
 Previous work in the four sedimentary formations listed above has concentrated 
north of the Fish Lake Plateau, where the type sections for these formations were first 
described (Dutton, 1880; Hardy and Muessig, 1952; McGookey, 1960; Weber, 1964; 
Neat, 1979; Wells, 1983; Weiss, 2001; Gierlowski-Kordesch et al., 2008; Bowen et al., 
2008). Few authors have worked to the southern extremities of these formations in Sevier 
County (McGookey, 1960; Williams and Hackman, 1971; Willis, 1986; Doelling, 2004). 
Variations in the published descriptions of these formations are a direct result of  
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Figure 3. Generalized stratigraphy of the study area. Data from author’s field notes.   
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extensive lateral facies changes across the High Plateaus (McGookey, 1960; Wells, 1983; 
Willis, 1986; Morris et al., 1991).  
 Williams and Hackman (1971) published a 1:250 000 scale map of the Salina 
1x2
o
 quadrangle, identifying Cretaceous to later Eocene formations on the northern Fish 
Lake Plateau. A more detailed map has not been published. The primary purpose of this 
paper is to correlate the published descriptions with field observations in the Mt. Terrill 
and Hilgard Mountain 7.5’ quadrangles (1:24 000) to more precisely identify the 
distribution of the stratigraphic units. The distribution and lithology of each formation 
across the northern Fish Lake Plateau has led to interpretation of the paleoclimate and 
paleogeography of the region based on the mineralogy, chemical composition, grain size 
and biotic constituents of its rocks.  
Geologic History 
 In the roughly 25 million years marked by the Price River through the Colton 
Formations, dynamic landscape evolution was the product of climatic and tectonic 
activity. During the late Cretaceous, the eastern portion of Utah was covered by the 
Western Interior Seaway (Reading, 1998). The shoreline was oriented NE/SW through 
the state, and extended from the Arctic to the Gulf of Mexico.  The Sevier fold-thrust belt 
was activated in the early Cretaceous in response to the Andean-type plate boundary on 
the western edge of North America. This orogenic event formed a mountain range over 
the next 80 million years that today stretches from Alberta, Canada through western 
Utah, to southern California, west of the Western Interior Seaway (Figure 4). The 
resulting rugged topographic front shed sediment eastward to the shoreline. The breadth 
of the coastal plain between the new mountains and the sea fluctuated as sediment  
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Figure 4. Extent of the Sevier orogenic belt. The Sevier fold-thrust belt measures from southern 
California to British Columbia. Modified from DeCelles and Coogan (2006). Shoreline from the 
Western Interior Seaway in the mid-Cretaceous, at the onset of tectonic activity of the Sevier fold-
thrust belt modified from Levin, 1978. 
N 
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accumulated in the sea and the basin lowered due to continued tectonic activity to the 
west (Reading, 1998; DeCelles and Coogan, 2006). By the Paleocene, weathering and 
erosion had significantly lowered the western mountains, and the corresponding 
sediments had shifted the shoreline of the inland sea eastward.  The Laramide Orogeny 
(80-55 Ma) began to form monoclinal uplifts to the east during the Paleocene, warping 
the Colorado Plateau into broad swells and depressions (Wells, 1983; DeCelles and 
Coogan, 2006). Ephemeral lakes would form in the areas of lowest elevation; one such 
depression in central Utah held a large freshwater body called Lake Flagstaff (Reading, 
1998).  
 By the Eocene, Utah began to rise in elevation with the Colorado Plateau in the 
Laramide uplift, after remaining approximately at sea level for ~500 million years prior 
(Reading, 1998).  Another large lake, Lake Uinta, formed on the Colorado Plateau. These 
lakes changed volume and depocenter location in response to the temperatures spiking in 
the Paleocene-Eocene Thermal Maximum (Wells, 1983; Zachos et al., 2001; Bowen and 
Bowen, 2008). The Sevier mountains to the west were significantly lowered by erosion 
from the increased precipitation (Reading 1998). During the Oligocene, alluvial and 
fluvial deposits filled the lakes, and streams cut across the plains toward the sea. New 
mountain uplifts separated drainage systems, sending water from northeast Utah toward 
today’s Great Plains. Widespread volcanic activity accompanied early Basin & Range 
extension in the western part of Utah (Reading, 1998). 
 After Oligocene volcanics, crustal extension created high-angle normal faults 
produced grabens and half-grabens exhibiting a general north-south trend across the 
northern Fish Lake Plateau (Bailey et al., 2009). The High Plateaus thus exhibit a marked  
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decrease in extension from the Basin & Range province, but a marked increase in 
deformation when compared to the Colorado Plateau (Wannamaker, 2001; Bowles, 
2007).  
Background Research 
Lacustrine Carbonates 
 Lacustrine systems can form through meteoric, volcanic, fluvial, tectonic or 
glacial means. Within those settings, an individual lake varies from another in terms of its 
origin, area, volume, longevity, productivity, chemistry, and physical properties 
(Gierlowski-Kordesch and Park, 2004). In the rock record, these characteristics are 
preserved in the size, shape, mineralogy, chemistry and orientation of the grains and 
matrix. These sedimentological features characterize specific depositional locations 
within the lake, from the margin to the basin. Along a lake cross-section, deposited 
sediments reflect high energy near inflow and low energy across the lake bed. Coarse-
grained clastic rocks represent the nearly fluvial conditions around the input, while shales 
and mudstones reflect the relative stillness along the lake bed, as suspended sediments 
settle out. A carbonate-dominated lake would exhibit fine micrite in the basin. Fluvial 
inputs with high sediment yields form can delta structures along the margin (Boggs, 
2006). Interpreting the width and depth of the facies specific to a lake locale determines 
the size and longevity of the paleolake.  
Surface water erodes weathered and exposed rock within a lake’s watershed, 
creating the sediment that accumulates (Wells, 1983). Dissolved cations flushed from the 
soil in the watershed and ions from chemical weathering of source rocks collect in 
lacustrine systems, specifically cations (i.e.- Ca
2+
, K
+
, Na
+
, Mg
2+
 and Al
3+
) and the 
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carbonate ion (CO3
2-
). When the concentrations of ions in the lake reach a saturation 
level, the ions will chemically react with each other, and solid will precipitate out of 
solution. The type and amount of ions is determines the resulting solid precipitate, likely 
calcium carbonate or dolomite (Andrews, 2004). Biotic factors contribute to the 
precipitation of carbonate through a chemical reaction correlated with photosynthesis. 
Temperature is additionally a control on carbonate precipitation: an increase in ambient 
temperatures increases the solubility of carbon dioxide into the lake water, enriching the 
water with carbonate as temperature increases (Andrews, 2004).  As the largely inorganic 
process is the primary method of producing carbonates in a lacustrine system, lacustrine 
carbonates are highly dependent on carbonate contributions from their watersheds 
(Gierlowski-Kordesch et al., 2008). 
Two different models of a lacustrine environment explain fluctuations in 
differential carbonate deposition in lakes: the open-lake model and the closed-lake model 
(Fig. 5). The open lake model has a fluvial input and a fluvial output, meaning that all 
ions, have a shorter residence time in the lake. This system has low production of 
carbonate rocks because of the length of time it takes to meet the appropriate 
concentrations. The closed lake model has one or multiple inputs, but no fluvial outputs. 
Water that goes into the lake remains there until it evaporates, causing the remaining 
water to be more saturated with those ions, more saline. Since carbonate precipitates out 
of a super-saturated solution, a closed lake system has the potential to produce more 
carbonate than an open-lake system (Boggs, 2006). A closed lake system will undergo 
periods of desiccation, which will leave behind mudcracks and evaporite deposits (Wells, 
1983). 
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Figure 5.  Models of lacustrine environments. The distribution of sediment 
along the lake basin of an open lake environment (top) is contrasted with a 
closed lake basin (bottom), from Boggs (2006). 
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Large-scale physical changes encompassing the whole watershed, like a change in 
topography or climate, have the capacity to alter the size, shape and location of the lake. 
The greater the longevity of the lake in any location, the thicker the deposit it yields. A 
stratigraphic column that shows a vertical change in lacustrine facies signifies a change 
of the shape of the lake or location of the lake’s depocenter.  
Published Unit Descriptions  
 Many studies have described the six units that represent sedimentation from the 
late Cretaceous period until the Oligocene volcanics. Depending on the study site, there is 
some variation in the composition and texture of the formation at outcrop. The study sites 
of former work has been largely to the north and northeast. Lateral facies change across 
the formation occurs across the ranges of their areal extent (Fig. 6). Listed below are the 
published descriptions of these six formations by their mineral composition, grain 
texture, sedimentary structures, form, association and fossil content.  
Price River Formation 
 The late Cretaceous Price River Formation lies conformably above the Castlegate 
Sandstone of the Mesaverde Group (Lawton, 1983). Spieker and Reeside (1925) first 
named this unit after an outcrop along a Price River canyon in Carbon County, Utah. At 
the type locality, the formation is a quartz and chert dominated sandstone, with some 
interbedded grey sandy carbonaceous shale. Resistant and blocky, this mostly brown unit 
contains fine- to coarse-grains, and is thin-bedded to massive (Doelling, 2004). The type 
locality is 70-80% extensive sandstone sheets and lenses stacked atop each other, ranging 
between 180 to 305 m thick (Guiseppe and Heller, 1998).  
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Figure 6. Distribution of formations and their type localities. This figure shows the 
geographic extent of the six formations in Utah, and the locations of the type sections: 
1- Price River Fm (Kpr), 2- North Horn Fm (TKnh), 3- Flagstaff Fm (Tfs), 4- Colton 
Fm (Tc), 5- Crazy Hollow Fm (Tch). The type locality for the Green River Fm (Tgr) is 
in Wyoming, not on this map. Data from Witkind, 1995; Bryant, 1992; Steven, 1990; 
Cashion, 1973; Williams and Hackman, 1971; McGookey, 1960. Shades of grey 
background denote physiographic province (Fig. 1), and green polygon is the Fish 
Lake Plateau. 
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 The Price River Formation sediments represent the continued eastward migration 
of the Western Interior Seaway shoreline. The shoreline extended north-south through 
Colorado at the time of Price River deposition, so the coarse-fine sandstones and cobbles 
with chert represent a fluvial input from the Sevier highlands to the west (Wells, 1983). 
The abundance of sandstones is indicative of a high sediment load stream. The absence of 
body or trace fossils in this unit is a result of poor preservation in porous sandstones. 
Porous sediment from a high energy environment rarely preserves any organisms that 
would otherwise be trapped by the high burial rate. 
 Guiseppe and Heller (1998) interpret the stacked lenses of sandstone and 
conglomerate to be individual stream bed deposits, multiple beds resulting from frequent 
stream avulsion. Depending on the size, local conglomerate beds are either channel or 
flood deposits, while the minor carbonaceous shale layers represent more organic-rich 
deposits.  
North Horn Formation 
 The Cretaceous to Paleocene North Horn Formation is in a gradational 
stratigraphic contact with the underlying Price River Formation. The type locality of this 
formation is North Horn Mountain, on the eastern side of the Wasatch Plateau. Spieker 
(1946) separated this formation from the larger Wasatch Formation that the North Horn 
was formerly considered a member. McGookey (1960) described the North Horn as an 
evenly or unevenly bedded unit of red, purple or gray shale and locally conglomeratic 
yellowish-gray sandstone. McGookey noted that the upper carbonate-rich section of the 
formation had the same description except that it was only evenly bedded. Doelling 
(2004) added that the North Horn Formation generally formed steep slopes with local 
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ledges, 150-320 m thick. Though the formation extends across the Cretaceous-Paleocene 
boundary, no noticeable layer marks this threshold in the rock (Yi, 1996).  
 The North Horn Formation represents a fluvial/lacustrine environment. The lower 
layers of variegated mudstone are floodplain sediments and distal ends of alluvial fans 
from the Sevier fold-thrust belt. The conglomeratic lenses within it represent stream 
channel or isolated high-flow deposits. The upper carbonate rich section represents 
ponding on the floodplain, which resulted in closed-lake accumulation of carbonate beds. 
These lakes were still receiving alluvial and fluvial input, and so exhibit the same 
bedding and coloration as the lower layers (McGookey, 1960). Sandstones in this unit are 
much less abundant than in the Price River, indicating that the North Horn is a lower-
energy environment. The dominant bed is mudstone, indicating that this package of rock 
was most often a floodplain or open lake. Any variation from the dominant mudstone of 
this formation are largely localized events, resulting in lateral facies change. 
Flagstaff Formation 
 This Paleocene-Eocene unit was originally defined by Spieker and Reeside (1925) 
as a limestone member of the Wasatch Formation, and later given formational rank by 
Gilliland (1948). This formation includes three members that from bottom to top have 
been named by Stanley and Collinson (1979): Ferron Mountain, Cove Mountain, and 
Musinia Peak Members. Each member is named for the mountain in Sanpete County, 
Utah on which it crops out most fully.  
Ferron Mountain Member  
 Wells (1983) identified the Ferron Mountain member as the most calcareous of 
the three members. He described the lithology as grey micritic limestone and mudrock. 
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Dolomite and chert are present as vug-fills throughout the upper portion of the member, 
but absent from the lowest 50 m. LaRocque (1960) described the lithology at Twelvemile 
Creek to include thin, alternating beds of dark blue-gray calcareous shales and 
limestones, with beds three inches to four feet thick. The total thickness of this member 
ranges from 9-230 m. Fossils of the Ferron Mountain Member include lacustrine snails, 
ostracods, peloids and micritic and dolomicritic intraclasts, rootlets (Wells, 1983); 
charophytes and pelecypods (Gierlowski-Kordesch et al., 2008). Because of this 
assemblage, Wells (1983) interprets this depositional environment to be indicative of a 
shallow-water marsh environment. 
Cove Mountain Member  
 LaRocque (1960) described this member as a white limestone with minor 
amounts of light-colored shales or channel sandstones, and abundant gypsum and chert. 
Similar to the Ferron Mountain Member, this unit varies in thickness form 9-34 m. Wells 
(1983) describes this unit as a completely dolomitized white bed with large chert nodules. 
He notes that there are no snails but are a few areas of ostracod abundance in areas of 
“increased freshness”. Two gypsum-rich horizons that are laterally equivalent to red-
weathered and decalcified shales serve as evidence that this member represents a 
lowstand of the lake. At this lowstand, Lake Flagstaff was a playa lake, so the dolomite 
may have formed by a combination of “evaporative water pumping”, low pH rainwater, 
and intense solar heating of the playa (Wells, 1983).  
Musinia Peak Member 
 LaRocque (1960) described this member as gray to tan shales and cherty 
limestones, cropping out between 40-155 m thick. Wells (1983) described this member of 
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the Flagstaff Formation as rich in carbonate-cemented mudstones and fine-grained 
dolostones with chert beds. Wells also characterized the fossil and ichnofossil content of 
this unit by calling it the “return of gastropods”. He also cataloged rootlet molds, vugs in 
dolomitized rocks, and interparticle voids between small, squashed and indistinct pellet-
like intraclasts.  
 LaRocque (1960) suggests that south of Twelvemile Canyon (near Gunnison, 
Utah), the lower two members are absent, and the Musinia Peak member gradually 
changes from a characteristically uniform gray-tan shale to a section of entirely different 
character consisting of three subunits distinguishable by contrasting outcrop colors. 
These three subunits are 1) yellow, arenaceous and argillaceous limestones (32 m); 2) 
red, arenaceous limestones (33 m); and 3) white, clayey limestones bearing concretions 
and algal nodules (38 m). 
 The Flagstaff Formation was a lacustrine depositional environment, specifically 
the deposits of the Paleocene-Eocene Lake Flagstaff. The carbonate bedrock is 
dominantly micrite or pelmicrite, indicative of a very still, shallow, saline, closed-model 
lake that experienced frequent transgressions and regressions (Wells, 1983). Minor 
sandstone represents increased fluvial/alluvial input from the Sevier highlands.  
Colton Formation 
 The Eocene Colton Formation lies stratigraphically above the Flagstaff 
Formation. This formation was named by Spieker (1946), and its type locality is implied 
to be the exposures on hills 3 km north of Colton, Utah. Spieker described its 
composition as dominantly clastic, comprised of sandstones and shales with thin beds of 
limestone. In the type area, Spieker (1946) recorded a mainly red shale and brown-
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weathering sandstone, but noted that farther south a wider range of colors appears: 
various shades of red, pink, and lavender, and bright bluish-gray. Morris et al. (1991) 
worked in the central Wasatch Plateau, about 80 km southeast of the type locality, and 
described the Colton Formation there: gray, pepper-and-salt sandstone, greenish-buff 
sandstone and siltstone that commonly weathers golden brown, and shale ranging from 
deep red to variegated gray over its approximately 450 m total thickness. Spieker (1946) 
noted that the placement of the Colton Formation between the Flagstaff and Green River 
Formations is accurate for central Utah only, since the fluvial deposits intertongue 
extensively with those two formations. 
 The depositional environment for the Colton Formation was dominantly a 
floodplain, with varying stages of conglomerate fluvial and flood deposits that manifest 
themselves in lenticular beds. Morris et al. (1991) interprets the Colton to be dominantly 
a northward progradation of a low-gradient, fluvial-dominated, deltaic clastic wedge into 
ancient Lake Flagstaff and Lake Uinta.  
Green River Formation 
 Directly above the Colton Formation lies the Eocene Green River Formation. It 
was named by Hayden (1869) for limestone exposures along the Green River in 
Sweetwater County, Wyoming (Schultz, 1920). Williams and Hackman (1971) divide 
this unit into an upper and a lower member. The upper member consists of fine to cream-
colored limestone that is fine grained, partly oolitic, and locally much replaced by silica. 
This upper member is interbedded with minor grayish-green and brown shale, and from 
205-220 m thick. The lower member is 30 to 130 m thick, and consists of grayish-green 
shale with white silicified limestone beds and a thin basal sandstone. The partial 
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replacement of the limestone beds makes the unit resistant to weathering, thus cliff-
forming.  
 This is a widely extensive formation that stretches across Colorado and Wyoming. 
Across this vast area, the Green River Formation has been split into six different units 
(Bryant, 1990). Farther to the east, the Green River Formation is considered a lacustrine 
Lagerstätten, that contains excellently preserved fish and insect specimens (Gierlowski-
Kordesch and Park, 2004). These vast outcrops contribute to the fossils found at both 
Fossil Butte National Monument and Dinosaur National Monument in Wyoming and 
Colorado, respectively (Dayvault, 1992). 
 At the type location, the Green River Formation reflects a rapid increase in water 
supply to Lake Gosiute (Carroll, 2008). In the Uinta Basin of east-central Utah, Keighley 
et al. (2003) concluded that the unit represents interbedded fluvial-floodplain with 
lacustrine facies, in a 2:1 ratio. This indicates a much greater siliciclastic input than in 
Lake Flagstaff.    
Crazy Hollow Formation 
 The Eocene Crazy Hollow Formation was also named by Spieker (1949), from 
the outcrop in Crazy Hollow Gulch, on south side of Salina Canyon, about 4 km from 
Salina, Utah. Williams and Hackman (1971) convey that this formation is interbedded red 
and orange sandstone, siltstone and shale, with minor salt-and-pepper sandstone, and 
local broad thick lenses of conglomeratic sandstone. This formation is 300 m thick. 
Weiss and Warner (2001) expressed that though brightly colored mudstone is 
volumetrically greatest across this formation, the signature beds are the salt-and-pepper 
cherty sandstones and conglomerates.  
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 Weiss and Warner (2001) further interpret the depositional environment to be 
dominantly floodplain with stream channel deposition of coarse pebbles. Small beds of 
limestone are the result of ephemeral lakes pooling on the floodplain.  
Bald Knoll Formation/ ‘formation of Aurora’ 
 Named by Gilliland (1951), the Eocene Bald Knoll Formation’s type locality is 
Bald Knoll Canyon in Sevier County, Utah. However, Willis (1987) proposed that 
outcrops of the formation directly above the Crazy Hollow Formation be renamed to the 
“formation of Aurora” because there are age discrepancies at the type locality caused by 
an unrecognized fault.  
 Williams and Hackman (1971) call this unit a pale-gray, white, and reddish-
orange lacustrine shale that is in part bentonitic. Interbedded with the shale are thin beds 
of silty limestone and micaceous sandstone, contributing to the total thickness of the unit, 
at around 300 m thick. This description applies to the type locality, where the formation 
of Aurora directly overlies the Crazy Hollow, thereby reflecting the new naming system, 
even though published before Willis (1987).  
 The depositional environment for the formation of Aurora is similar to the 
environment for the Crazy Hollow Formation, in that it also is a fluvial- lacustrine 
environment (Weiss and Warner, 2001).  
Paleoclimate 
 This package of sedimentary rocks spans a time period of dynamically changing 
climate. The Paleocene-Eocene Thermal Maximum (PETM) peaks  at the end of the 
Paleocene (55 Ma), and the Early Eocene Climatic Optimum peaks around 50 Ma 
(Zachos, 2001). This climate data can be determined by the analysis of carbonate rock. 
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Carbonate rock can be chemically tested to yield temperature data: the oxygen and 
carbon isotope ratios present in the modern carbonate reflect the ratios in the lake water 
at lithification. Since the 16O/18O isotope ratio is a solid proxy for climate, the rock is a 
solid record of the paleoclimate. The deposition of this stratigraphic sequence includes 
both climatic highs, so the abundance of carbonate in the North Horn, Flagstaff and 
Colton formations makes these units key to understanding the specific climate of the 
region. 
 Shallow lake environments, such as Lake Flagstaff have frequent fluctuations in 
temperature due to solar heating. A shallow lake does not have deeper cooler waters to 
mix with to regulate temperature, and has high sediment-to-water and water-to-air ratios. 
Thus shallow lakes can be very sensitive records of climate change (Wells, 1983). A 
relative change in climate impacts the production rate of carbonate sediments with 
respect to siliciclastic input and the organisms that can survive there (Lerman, 1995). A 
tectonic event that affects the drainage patterns within the watershed affects the type and 
distribution of sediment transported to the lake. Combining a stratigraphic framework 
composition of detrital sediments, carbonate content and proposed sediment provenance 
can allow for a paleoenvironmental interpretation.  
 Studies to the north and northeast have determined that the Flagstaff Formation 
was most affected by the increase in climate. Bowen et al (2008) and Wells (1983) 
analyzed carbon and oxygen isotopes in the Flagstaff Formation, attributing the 
differences in mineralogy between the members to climatically-derived causes. The three 
members correlate with mid to late Paleocene low temperatures, early Eocene maximum 
high temperatures, and later Eocene warm period, respectively. The Ferron Mountain 
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Member of the Flagstaff Formation records low temperatures with its high rates of 
carbonate marl production with limited siliciclastic input. The Cove Mountain Member 
contains evaporate beds and a high dolomite content, indicative of the warmer early 
Eocene temperatures. The uppermost Musinia Peak Member records more carbonate 
production than the previous Cove Mountain Member, with little to no gypsum or 
dolomite content, indicating a more consistent presence of water on the surface of the 
lake, and cooling temperature (Wells, 1983). 
Sediment provenance 
 The interpretation that these seven formations are all terrestrial water-transported 
sedimentary rocks requires that the source formations for these units must have been 
topographically higher and exposed to surface water. Located at the foot of a fold-thrust 
belt, the position of these units limits the potential source areas for their sediments 
(Gierlowski-Kordesch et al., 2008). Knowing that debris was shed eastward from the 
Sevier fold-thrust belt contributes material to these seven formations, several authors 
have worked to pinpoint the source formations for these resulting sediments (Wells, 
1983; Gierlowski-Kordesch et al., 2008; Lawton, 1986).  
 Observing the changing mineralogy among the three members of the Flagstaff 
Formation, Spieker (1949) proposed that the high gypsum content in the Cove Mountain 
Member is a result of newly exposed gypsum-rich carbonate in the Carmel Formation 
and Arapien Shale, located to the northeast in the Sevier fold-thrust belt.  
 Gierlowski-Kordesch et al. (2008) took a different approach, measuring strontium 
values in the carbonates and connecting those with strontium values in source formations. 
Surface and groundwaters obtain strontium isotopes directly from the rocks along the 
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channel or pathway to the basin. Through this method, she added other Pennsylvanian-
Permian carbonate rocks to Spieker’s (1949) list that accommodate the surrounding 
members of the Flagstaff Formation: Oquirrh, Kirkman and Park City Formations.  
Methods 
 A team of five students led by two professors canvassed the ~300 km
2
 of the Mt. 
Terrill and Hilgard Mountain 7.5 minute quadrangles to ascertain the sedimentary, 
structural and surficial geology of the area. Focusing on the sedimentary rocks, I logged a 
total of 112 stations in the field at workable bedrock outcrops. The exact location of each 
station was pinpointed using a GPS. At each station, I recorded lithologic descriptions, 
unit identification, and bedding orientation- where it could be reliably measured- to 
determine the attitude and distribution of the formations. Lithologic descriptions include 
the composition, texture, structure, form, association and fossil content at each locale. 
Seventeen sedimentary rock samples of variations in the rock layers were labeled, 
collected and cataloged.  
 Quantitative field data was compiled by the following methods. Red Creek Hole, 
an area of increased topographic relief in the northeast of the Hilgard Mountain 
quadrangle, displayed the longest segment of exposed sedimentary bedrock, so we 
recorded a vertical stratigraphic section of the outcrop. We used a Jacob’s staff and a tape 
measure to make accurate measurements of each bed’s thickness and geometry. In each 
of the two places pebble conglomerate bedrock was exposed, I took a point-count 
measurement of color and mineralogy of the clasts. Point counts were tallied by counting 
each pebble in a ~1200cm
2
 rectangle. 
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 At William & Mary, this data was compiled into a digital geologic bedrock map. 
Our field stations and mappable data from previous efforts were plotted on a UTM grid 
across the two quadrangles. Several cross-section figures were constructed to better 
illustrate the relationships between the stratigraphy and the faulting. These cross-sections 
show the thickness of each unit, and the displacement along fault surfaces. 
 The Utah Geological Survey performed paleobiological identifications on both 
volcanic and sedimentary rocks collected: they analyzed carbonate mud from the 
Flagstaff and Price River Formations for palynomorphs, and a sparse biomicrite from the 
Flagstaff Formation for fossil identification. 
 I completed full petrographic descriptions for each of the 27 thin sections. These 
thin sections were made from a combination of my collected hand samples, and 
previously made slides from a previous student’s efforts. To ensure specificity in 
petrographic identification for carbonates, each thin section of a sedimentary rock was 
stained with Alazarin-Red to expose the presence of calcite.   
Results 
 The generalized geologic map of the northern Fish Lake Plateau created from this 
research shows the distribution and orientation of the volcanic and sedimentary bedrock 
outcrops, and surficial deposits (Fig. 7). As stated in the Introduction, the sedimentary 
stratigraphy in the study area includes the Cretaceous Price River Formation, the late 
Cretaceous and early Paleocene North Horn Formation, the Paleocene and Eocene 
Flagstaff Formation, the Eocene Colton Formation, and a cherty conglomerate that may 
be correlative to the Eocene Crazy Hollow Formation (Fig. 3). Listed below with the 
lithology, sedimentary structures, and bedding characteristics of each formation are the  
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Figure 7. General Geologic Map of the Mt. Terrill and Hilgard Mtn 7.5’ quadrangles. This 
map differentiates the exposed volcanic bedrock (orange) from the sedimentary (maroon) 
bedrock from the Quaternary surficial cover. The heavy red line represents the contact 
between the volcanic and sedimentary units. The heavy purple line is the cross-section line 
for Figure 28. 
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key outcrops where these observations were recorded. Notable outcrop descriptions are 
accompanied by a formation-specific geologic map. Station listings can be referenced in 
Appendix A. Thin section listings are in Appendix B.  
Lithologic Descriptions 
Price River Formation (Kpr) 
 The Cretaceous Price River Formation is the lowermost formation on the northern 
Fish Lake Plateau, cropping out in the northeast quadrant of the Hilgard Mountain 7.5’ 
quadrangle map. It is largely a sandstone unit, with minor beds of sandy shale. Clast 
mineralogy includes quartz, chert, and locally, small amounts of feldspar and biotite. The 
grain size varies from fine to coarse grained, differing per bed: most exposed beds are 
moderate to well sorted. Frequently, the grains are cemented with calcite. The unit is 
locally poorly lithified and weathers easily, crumpling into loose sediment that obscures 
bedrock for several meters below it. This is most common with the finer-grained layers, 
happening with a lower frequency in the coarser sandy layers. The lower contact of the 
Price River Formation with the Castlegate Sandstone of the Mesaverde Group  is not 
exposed on the northern Fish Lake Plateau, only about 180-300 m of thickness can be 
seen here.  
 The sandstone crops out in gray, buff, and brown beds. These beds vary from 
thinly bedded to massive, the thinner beds are less resistant than the massive, and 
crumble to cover units below with loose sand. The massive beds often display decimeter-
scale trough cross-beds and coarsening upward sequences (Fig. 8). The sandstone layers 
include interspersed lenticular beds of chert and quartzite pebble conglomerates. These 
siliceous pebbles range from 0.5-8 cm in diameter, are very well rounded and exhibit  
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Figure 8. Photograph of cross-bedding in the Price River Formation. Note the well-sorted, 
homogenous texture of the sandstone Picture taken at station J60, with the hand lens for scale. 
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many different colors: black, white, tan, red, green, and purple (Fig. 9). These beds range 
from 8 cm to 1.5 m in thickness, with interbedded sandy shales comprising 
approximately 35% of the exposure.  
  One sample of blackish gray shale from the Price River Formation was tested for 
palynomorphs, and yielded the only definite result out of all of the seven analyzed 
samples. Pollen from four genera was identified, in sparse amounts: Deltoidospora 
sp.,?Proteacidites sp., Sparganiaceaepollenites sp., and Taxodiaceae. These are 
palynomorphs associated with swamp and deltaic environments in the late Cretaceous to 
early Eocene.  
One notable outcrop is the eastern end of Red Creek Hole (Fig. 10). The lowest 
elevation bright red mudstone layer represents the gradational conformable contact of the 
Price River with the North Horn Formation. From its highest contact to the eastern edge 
of the Hilgard Mtn 7.5’ quadrangle map, the Price River Formation contains interbedded 
medium-grained cherty sandstone and tan-brown-purple mudstones.  It was at this 
location that data for a 700 m stratigraphic section was collected (Fig. 11). A depositional 
environment attribution of each bed recorded in the stratigraphic column at Red Creek 
Hole shows a transition from a marine and deltaic environment to a more fluvial one. The 
transition was gradual, moving from the dominantly cross-bedded sandstones of the Price 
River Formation into the mudstone and siltstone-rich beds of the North Horn Formation.  
 
North Horn Formation (TKnh) 
 Conformably above the Cretaceous Price River Formation is the North Horn 
Formation that spans the Cretaceous/Paleocene boundary and varies from 215-300 m  
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Figure 10. Photograph of Red Creek Hole, uppermost drainage. View to the 
southwest. Note the difference between the blocky cliff-former of the Flagstaff Fm 
(top) and the slope-forming mudstones in the North Horn Fm (bottom). 
Figure 9. Photograph of pebble conglomerate ledges in the Price River Formation. Picture 
was taken south of Red Creek Hole, station J14. Hammer and field notebook for scale. 
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Figure 11. Stratigraphic columns from Red Creek Hole. Base of section is in column 1, followed 
with a brief discontinuity by columns 2 and 3 (causing the thickness values to restart at zero in 
column 2, on y axis in feet). Detailed descriptions of each numbered bed are in Appendix C. Fine-
scale interpretation of depositional environment is labeled to the right of each bed. The heavy 
black line in column 2 is the boundary between the Price River and North Horn formations. 
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thick. The characteristic red and variegated mudstones of this formation differentiate it 
from the unit below (Fig.12). The North Horn Formation dominantly consists of 
variegated shales and mudstones, and yellow-gray to brown sandstones. These 
siliciclastic units have a clast mineralogy of quartz, chert, feldspars and clay minerals 
(Fig.13). The sandstone is fine-medium grained, and moderately sorted with subangular 
grains. Though this formation is fossiliferous closer to its type location, no fossils were 
found in the North Horn on the northern Fish Lake Plateau. 
 In places, the fine sandstone exhibits centimeter-scale, low-angle cross-bedding. 
Interbedded are local chert and quartzite pebble conglomerates, and yellow-gray thinly-
bedded micritic limestone. The matrix of all lithologies in this unit reveals a calcareous 
binding. However, the units are poorly lithified, making the North Horn Formation 
predominantly a slope-former with a few ledge layers.  
 Notable outcrops include the western end of Red Creek Hole below station J06, at 
the change from resistant cliff-forming calcareous sandstone to variegated mudstones. 
This is the stratigraphic contact between the Flagstaff Formation and the North Horn 
Formation (Fig. 10). Down the drainage, the North Horn Formation crops out as striped 
slopes of loose silt and mud. Thin fine-grained sandstone beds are interbedded with these 
mudstones, and become more frequent to the bottom of the unit (Fig. 11). The North 
Horn Formation makes a gradational conformable contact with the Price River 
Formation. The last bright red mudstone layer represents the end of the North Horn 
Formation as the contact with the Price River Formation (Fig. 14). Without a sharp 
boundary between the Price River and the North Horn formations, the contact was 
approximated in the field along the orange line trace, number 2, shown in Figure 14.  
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Figure 12. Photograph of the North Horn Formation at Red Creek Hole. Looking 
southwest at the drainage, notice the variegated mudstones: white to red to gray and tan. 
Figure 13. Thin section of the North Horn Formation south of Red Creek Hole (J16), in 
cross-polarized light. This picture shows quartz, potassium feldspar, chert and opaque 
minerals in a calcareous cement. The grains are sub-angular and fine sand sized. 
0.5 mm 
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Figure 14. Geologic map of Red Creek Hole. Note the gentle dip of the layers. 
The orange lines labeled 1 and 2 trace the route of the stratigraphic columns in 
Figure 11. Line 1 is column 1, and line 2 is columns 2 and 3, in order.  
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 Another noteworthy outcrop is a 4 m thick pebble conglomerate (J17) (Fig. 15). 
This outcrop was magnificently exposed due to recent quarrying. The conglomerate was 
poorly lithified: 1-10 cm diameter pebbles in a coarse cherty sandstone matrix. These 
pebble clasts were extraordinarily well rounded. A point count of the pebbles yields 40% 
black chert. The remaining 60% was comprised of  mixed multicolored chert, quartzite 
and sandsone (Appendix D). Large-scale bidirectional cross-bedding at this location was 
evident, the cross-bed surface was measured to be 050 14 SE, indicating a paleocurrent 
from the northwest in this location. 
Flagstaff Formation (Tfs) 
 The abundance of blocky limestone distinguishes this unit from the 
stratigraphically lower North Horn Formation. The Paleocene-Eocene Flagstaff 
Formation is the most exposed sedimentary unit on the northern Fish Lake Plateau, and 
the thickest, ranging from 245-365 m. This formation crops out as a white, light gray, 
yellow micrite (Fig. 16). A minor siliciclastic input makes the dominant mineralogy 
calcite, quartz and chert. The quartz grains are angular to subangular and fine-grained. 
 In thin section, the limestones range from crystalline to argillaceous, and range in 
type and amount of siliciclastic input. When the rock samples have allochems, they are 
either peloids or ostracod skeletal fragments (Fig. 17). The matrix around the allochems 
is either micrite mud or sparry cement. Therefore, the Folk classification for these 
limestones includes packed pelmicrite, pelsparite (Fig. 18), and sparse biomicrite 
(Appendix B). 
 The Flagstaff Formation is fossiliferous to the north and west of this locality, but 
fossils are rare in the field area. Ostracods in limestone are imbricated along the bedding  
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Figure 15. Photograph of bidirectional cross-bedding in the pebble conglomerate 
outcrop from the North Horn Formation (J17). Graham Lederer for scale.  
Figure 16. Photograph of Flagstaff Formation north of Niotche Creek. Note blocky 
white limestone layers. The lowermost ledge houses ‘pseudo-layers’ of chert.  
   40
Figure 17. Thin section of imbricated ostracods in the Flagstaff Formation. The 
ostracods are represented here in cross section, where arched lines. The imbrication 
spans across the slide NE/SW. (Station TB30) 
Figure 18. Thin section of pelsparite from the Flagstaff Formation, station J95. This 
samples was stained with Alazarin Red. Note the crystallized calcite between the brown 
peloids. 
0.5 mm
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plane of the carbonate rock (Fig. 17). One hand-sample specimen of micrite contains 
what looks like a highly fragmented fossil of uncertain identity, likely shell material. Six 
pollen samples were collected from this formation, but their analysis yielded no 
significant results. 
 The Flagstaff Formation crops out in thin-thick beds, where it is locally a massive 
cliff-former. It is interbedded with gray and gray-green shale, and calcareous siltstone. 
Local oncolites, algal nodules, ‘pseudo-layers’ of chert (Fig. 16) and chert pebble 
conglomerate lenses also occur within this unit. The lithology of the Flagstaff Formation 
as it crops out here most closely matches the southward-changing facies of the Musinia 
Peak Member. The red calcareous siltstone that occurs in the uppermost 50m of the unit 
may be an intertonguing of the Colton Formation. 
 The Flagstaff Formation crops out north of UM Pass, on the eastern face of a local 
high point (Fig. 19). Blocky laminated beds of white micrite line the upper slope of the 
eastern face, while red calcareous siltstone crops out at the base of the slope. The 
exposure height equals the entire relief of the slope. 
 At Red Creek Hole, the Flagstaff Formation crops out as the highest point in the 
drainage, as a fine-grained yellow-tan calcareous sandstone with small pebble 
conglomerate lenses (Fig. 10). This is the basal unit of the Flagstaff Formation: it forms a 
sub-vertical outcrop face, indicative of its resistance to weathering. Approximately 30 m 
down from the top of the cliff face, the treacherous slope of brightly-colored variegated 
mudstones mark the contact between the Flagstaff Formation and the North Horn 
Formation (Fig. 20).  
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Figure 19. Photograph of the local high point north of UM Pass, this is the eastern slope 
face. Station J31. Note white cliffs in foreground, red-beds crop out at the base of this 
exposure, just off the right edge of the photograph. 
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Figure 20. Geologic map of the local high point north of UM Pass. Note the 
bounding faults and that Flagstaff Fm is on the Volcanic-Sedimentary contact. 
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 On the eastern side of Niotche Creek, 3 km north of the northern extent of the 
Hilgard Mtn 7.5’ quadrangle map, this outcrop forms a sub-vertical cliff of the Flagstaff 
Formation (Fig. 21). It was originally recorded by McGookey (1960) as the most nearly 
complete section of the eastern extent of the Flagstaff Formation. He tabulated a fine 
scale vertical section description of this 94 m exposure. The section can be broadly 
separated into three divisions: lowermost gray-green shale and limestone, middle orange-
tan sandy siltstone, and upper white-tan blocky limestone. The outcrop is the most similar 
to LaRocque’s (1960) pattern of the Musinia Peak Member color subdivisions: tan, red, 
and white. 
 The Flagstaff Formation is exposed along the Cedric Dugway, on the upper 
drainage of Lost Creek. Here, the cliff-face exposure of white micrite layers are thick and 
blocky, with interbedded/noduled green shale. The green shale is calcareous and 
comprises about 25% of the ~50 m of exposed surface. Uphill from this exposure is a 
contact between white micrite and red siltstone. The red siltstone has chert pebbles and 
white pelmicrite with oncolites float (Appendix B). A major portion of the nearly 200 m 
from the highest to the lowest point on this outcrop, it is covered by vegetation. 
 In the northwest corner of the Mt. Terrill quadrangle, in the drainage channel of 
Lost Creek, the contact between the Flagstaff and Colton Formations crops out where the 
blocky carbonate and green-gray shale changes to bright red calcareous siltstone (Fig. 
22). Located on a down-faulted block, the layers here exhibit a much greater dip angle 
than they do anywhere else in the study area, around 28
o
 to the southwest (Fig. 23). 
Flagstaff Formation contains white-silty limestone, interbedded with green shale. Local 
stromatolites and nodular layers of chert crop out here (Fig. 24).  
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Figure 21. Photograph of the Niotche Creek outcrop location where 
McGookey recorded a detailed stratigraphic column. Western face of the 
creek drainage. Note color change from bottom to top: green to red-tan to 
white. Chuck Bailey for scale.  
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Figure 22. Geologic map of the Lost Creek drainage. Note the bounding faults and 
the Flagstaff/Colton contact. 
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Figure 23. Composite photograph of Lost Creek Hole drainage, looking to the east. Note 
the high angle contact between the red Colton Formation and the white Flagstaff Formation.  
Figure 24. Stromatolite from the Flagstaff Formation in the Lost Creek drainage, station 
J26. Quarter for scale. 
Tc 
Tfs 
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 The Williams and Hackman (1971) map labeled the Lost Creek headwaters as the 
upper Eocene units: Green River, Crazy Hollow and Bald Knoll (formation of Aurora) 
Formations. Comparison of the lithologic descriptions of this outcrop and hand samples 
to others in the study area yielded a similar lithographic progression of the carbonate 
exposures. Therefore, it follows that the Flagstaff and Colton Formations crop out here. 
Colton Formation (Tc) 
 The deep-red to variegated shales of the Colton Formation mark the transition 
from the white to green-gray micrites of the Flagstaff Formation (Fig. 23). The Colton 
Formation crops out in the north half of the Mt. Terrill 7.5’ quadrangle at <60 m in 
thickness, but as this is the uppermost distinguishable unit on the northern Fish Lake 
Plateau, it is likely that less than the full thickness of the unit crops out here. This unit 
also contains yellow-buff sandstone, minor limestone and bentonite. The limestone is 
thinly bedded and friable, and interbedded with cherty sandstone. Mineralogy of the 
sandstone is quartz, chert and feldspar, in fine to coarse sub-rounded grains (Fig. 25). The 
grains are well-sorted per bed, and each bed ranges from 5-50 cm in thickness. The 
Colton Formation is largely a slope-former, since its dominant constituents are mudstone 
and friable limestone, but the sandstone beds do form minor ledges. 
 The uppermost ridgeline around Lost Creek drainage in the northwest corner of 
the Mt. Terrill quadrangle contains the Colton Formation as weakly cemented thinly-
bedded cherty sandstone with quartz, feldspar and biotite, and rusty-red shales. The 
sandstone has centimeter-scale cross-bedding and ripple marks (Fig. 26). 
 The upper Niotche Creek drainage shows marked exposures of the Colton 
Formation, with yellow-tan sandstones atop red and gray shales, above a white siltstone.  
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Figure 25. Thin section from the Colton Formation,  cross-polarized light. Note angular 
nature of quartz, twinned plagioclase and k-feldspar, chert and opaques. This rock came 
from the upper Lost Creek drainage (J26). 
Figure 26. Photograph of Ripple marks in Colton Formation in the Lost Creek drainage. 
Pencil for scale. 
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This outcrop exhibits large amounts of slope failure and vegetation cover, but the 
ubiquitous float is indicative of the bedrock beneath it.  
One bed of bentonite was located on the northern Fish Lake Plateau, 10m beneath 
an outcrop of Johnson Valley Trachyandesite. Due south of Daniel’s Pass, was a bed of 
ash approximately 5m thick. It was loosely consolidated and friable (Appendix A). The 
mineralogy includes quartz, feldspar, and pyroxene, with all grains subangular at 0.1-
0.15mm, in a fine, glassy matrix (Fig. 27).  Instead of considering this part of a 
sedimentary unit, this outcrop has been grouped with the volcanic units as an ash fall 
deposit due to its glassy texture. 
Cherty Conglomerate (Tcc)-Tch  
 This unit overlies the Colton Formation in an erosional unconformity. In two 
places, enormous piles of consolidated and unconsolidated pebble mounds and pebble 
slabs rest on local high points. The unit does not uniformly cover the Colton, only at a 
local high point on the Niotche Creek drainage basin and upper Lost Creek. 
 This description is similar to the published description of Crazy Hollow 
Formation, but to explain the absence of the Green River Formation a large erosional 
unconformity would have had to occur between the Colton and this cherty conglomerate.  
 Point counts of the pebble conglomerate lenses at lower stratigraphic levels with 
this conglomerate yield similar results. The very well-rounded nature of these pebbles is 
consistent between the outcrops, and indicates that these are likely second- or third-order 
sediments. The consistent roundedness and ratios of mineralogy suggest that they are 
from the same source formation(s). The ubiquitous chert pebbles that litter the surface of 
the study area also appear to follow similar ratios. 
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Figure 27. Thin section of the ash layer from Daniel’s Pass. 
0.125 mm 
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Larger-scale observations  
 Across the northern Fish Lake Plateau, all of these units vary in thickness and 
distribution.  The formations deform both in a brittle and ductile manner with the post-
depositional extensional stresses on the region. In this cross-section (Fig. 28), the layers 
slope down into the graben, forming the gently sloping surface of the Hilgard Mountain’s 
south face. In other areas, such as the Lost Creek drainage, the sedimentary layers deform 
in a brittle fashion in down-faulted block. Though the area is faulted many times, the 
units appear to all mostly dip toward the southeast at less than 10 degrees.  
Discussion 
 LaRocque (1960) captured the complexity of the stratigraphy on the High 
Plateaus, saying that among the formations North Horn, Flagstaff, Colton and Green 
River, the “intertonguing of these four formations is the rule rather than the exception”. 
This intertonguing is indicative of progressively changing environments. The five 
Cretaceous-Paleogene pre-volcanic sedimentary formations manifest themselves in a 
largely fluvial/alluvial environment separated by periods of ephemeral ponds and lakes. 
The proposed depositional environments set forth by prior research was supported by the 
data from the northern Fish Lake Plateau.  
On the local scale, the depositional environments transition from marine to 
terrestrial (Fig. 29). The Price River Formation demonstrates an eastward regression of 
the sea formed by an influx of siliciclastic sediments (Fig. 29a). The fluvial channels and 
distal ends of alluvial fans carry fine siliciclastic sediment from the Sevier highlands out 
to the plain now between the mountains and the sea. This is the North Horn Formation 
(Fig. 29b). Lake Flagstaff collected in a broad depression formed by the Laramide uplift  
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Figure 28. Cross-section through Red Creek 
Hole and Hilgard Mountain, as shown in 
Figure 7. Note the dip of the layers into the 
West Tidwell Canyon graben.  
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Figure 29. Proposed depositional environments of the six units in the northern Fish 
Lake Plateau. For orientation to the region, the cities Richfield (R), Salina (S), and 
Loa (L) are on each map above, along with Fish Lake and Interstate 70.  Each 
depositional environment shows the interaction between sediment (tan), water 
(blue), and coarse pebbles (brown circles).  
a. b. 
c. d. 
f. g. 
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to the east. The Flagstaff Formation represent the deposits of that lake, and other 
ephemeral lakes of the same time period (Fig. 29c). The Colton Formation is a 
dominantly fluvial unit, with some alluvial deposits and carbonate beds from ephemeral 
lakes (Fig. 29d). The Green River Formation, like the Flagstaff before it, is a lacustrine 
unit, representing the deposits form Lake Gosuite (Fig. 29e). The last formation before 
the volcanics here is the Crazy Hollow Formation, which is a fluvial unit carrying an 
abundance of second-order rounded chert pebbles (Fig. 27f). The Green River, Crazy 
Hollow and Bald Knoll (‘formation of Aurora’) Formations do not explicitly crop out as 
bedrock on the northern Fish Lake Plateau. I propose that precipitation-driven erosion 
after the peak of the Early Eocene Climatic Optimum scoured out the deposits of the 
missing formations.   
 Only the Musinia Peak Member of Flagstaff Formation was deposited thickly in 
the study area. I recorded no obvious unconformities on either side of the Flagstaff 
deposits, therefore there was no significant erosion immediately prior to or post 
deposition. I interpret this to be evidence that Lake Flagstaff did not extend as far south 
as the northern Fish Lake Plateau until it was at the Musinia Peak stage, in the early 
Eocene. Up until the movement of the lake, the North Horn Formation was continuing to 
aggrade fluvial and alluvial deposits. At the contact between the North Horn and the 
Flagstaff Formations visible in Red Creek Hole, the carbonate has a large amount of 
siliciclastic input.  This represents the transition of the margin of the lake over the region. 
Up section, the blocky carbonate indicates a stable, continuously depositing carbonate-
dominated lake. The absence of thick dolomite, desiccation features or gypsum deposits 
eliminates the possibility of a playa lake as a depositional environment at this extremity. 
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The high carbonate production rates without fossils means this part of the formation was 
in the lower basinal region of the lake, assuming the lake was large enough here to be 
stratified, deeper regions where the temperature was lower and carbonate concentrations 
were greater. As evidence, the Niotche Creek exposure just north of the study area, shows 
the three subdivisions of the Musinia Peak Member in full section.   
 These interpretations of the paleoenvironment lead to certain paleoclimatic 
interpretations. The transition from a marine environment to a terrestrial one that has 
ephemeral lakes indicates a warming climate: even with an increase in precipitation, 
these lakes could form and dry up quickly. This corresponds with the global temperature 
scale made by Zachos, et al. (2001) that pinpoints the height of ephemeral lake 
development on the Fish Lake Plateau with the Early Eocene Climatic Maximum.  
Future Work 
On this project, the next logical step is to quantitatively analyze these formations 
on the Fish Lake Plateau at the same level that they have been investigated to the north. I 
would suggest collecting fine-scaled samples along outcrops on which to run 
geochemical analyses, determining 16/18O and 12/13C ratios to match with global climate 
curves published by Zachos, et al., (2001). This would substantiate the qualitative 
assessments I have made about climate. I would expect to find results similar to previous 
work in areas to the northeast. The roundedness of the pebble conglomerates denotes that 
they are second- to third-order, so future research would be to determine the formation or 
formations that the chert and quartzite have comprised. The pebble conglomerates and 
the pebble float appear to have similar proportions of clast mineralogy, so another step 
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could be to ascertain whether they all come form the same source, and if so, why they are 
deposited at different stratigraphic levels. 
Conclusions 
 The Price River, North Horn, Flagstaff, Colton, and perhaps Crazy Hollow 
Formations crop out on the northern Fish Lake Plateau as they are defined on the Mt. 
Terrill and Hilgard Mtn quadrangle maps we have completed. Generally, these five 
formations crop out on the northern Fish Lake Plateau fitting the following descriptions. 
The Price River Formation is a thinly bedded to massive fine to coarse grained sandstone 
with minor sandy shales that can be gray, buff, and brown. The North Horn Formation is 
dominantly a variegated shale and mudstone unit with yellow-brown sandstones, thinly 
bedded limestone and local pebble conglomerate.  The Musinia Peak Member of the 
Flagstaff Formation is a white- pale yellow limestone interbedded with gray-green shale 
and red calcareous siltstone that crops out in thin or thick beds. This unit also displays 
local algal nodules and oncolites, and ranges form crystalline to argillaceous. The Colton 
Formation is characterized by deep-red to variegated shales, but it also includes yellow-
buff sandstone, and minor limestone and bentonite. Irregularly above the Colton 
Formation is a massive to cross-bedded chert and quartzite pebble conglomerate with 
minor coarse-grained sandstone that may be correlative with the Crazy Hollow 
Formation.  
 These formations represent a broadly fluvial/alluvial system punctuated by 
periods of ephemeral lake cover. The reaction of this environment to the spiking climate 
of the Paleocene-Eocene Thermal Maximum and the Early Eocene Climatic Optimum 
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was intense precipitation-driven erosion events, resulting in the missing upper Eocene 
formations, and an erosional unconformity between the volcanic and sedimentary units. 
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Appendices 
Figures.  Dinosaur on the Fish Lake Plateau. Digital Elevation Model of the local area, 
zoomed out, reveals the profile of a carnivorous dinosaur eating Fish Lake.  
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Appendix D: Clast counts and Palynology 
 
Clast counts:  COUNT PERCENTAGE 
1 Mt. Terrill exposure  
 black chert 40 48.2 
 beige quartzite 18 21.6 
 white chert 13 15.7 
 grey chert 5 6 
 vein quartz 3 3.6 
 pink quartzite 2 2.4 
 green chert 1 1.2 
 red chert 1 1.2 
    
2 North Horn pebble quarry  
 black chert 43 39.8 
 beige quartzite 24 22.2 
 red chert 11 10.2 
 green chert 9 8.3 
 beige chert 6 5.6 
 orange chert 4 3.7 
 purple quartzite 4 3.7 
 white chert 4 3.7 
 orange quartzite 3 2.8 
 
 
Palynology: 
 
Station C74 near North Creek, eastern quad edge, blackish gray shale: 
Deltoidospora sp., -- rare  
?Proteacidites sp., -- rare 
Sparganiaceaepollenites sp., -- rare 
Taxodiaceae -- rare 
no HCl reaction, 
Kerogen content: 5% amorphous, 10% cuticular, and 85% woody.  
Projected age: L. Cretaceous to E. Tertiary (Undiff). environment: swamp/deltaic 
 
